<i2)Wi*iaafctti=s-3L*T*fcn$;h.fcHii*aiB 



09) mmutfrmmmti&m 

(43) SBg^lB 
2003 ^2^6H (06.02.2003) 




PCT 



(io) mffinmm 



WO 03/010596 Al 



(51) BURttrF^-SS 7 : 

(2D mRtuinH^ 

(22) MtillB: 

(25) BBSffllP<OmH: 

(26) SRg&MJOSS: 



G02F 2/02 

PCT/JP02/07637 
2002 *P7 £ 26 B (26.07.2002) 
B*fg 



(71) 



(71) 
(72) 



(30) «5fc*ftT r — S: 

#M200 1-2265 88 2001 #7 £26 B (26.07.2001) JP 
#112001-226591 2001 *F7 £26 B (26.07.2001) JP (72) 



2001-334299 



ft HI 2001-354947 



2001 *£10£31 B (31.10.2001) JP 



(75) 



2001 i£ll £20 B (20.11.2001) JP 



#112002-38839 2002 ^2 ^ 15 B (15.02.2002) JP 
#812002-97167 2002 ^3 £29 B (29.03.2002) JP 

jl»**H (JAPAN SCIENCE AND TECHNOLOGY 
CORPORATION) [JP/JP]; T 332-0012 Jll P T|T 

*lT4TI1f 8§ Saitama (JP). 

f&*B 7C# (KOUROGI.Motonobu) [JP/JP]; f 
241-0801 »^JII!^«;Er|TMESm^4-2 8-9 0 5 

Kanagawa (JP). 

T 1 ■< -V hia (BAMBANG,Widiyatmoko) [ID/JP]: t 
226-0026 #^JI|!l;M;Eil7iiSIE«j*BHT 3 0 3 4-3 
Kanagawa (JP). (NAKAMOTO.Osamu) [JP/JP]: 



(54) Title: OPTICAL FREQUENCY COM GENERATOR 
(54) mBM(D%ffi: ftJS«3 A3£±fc§| 



= Lin CT> 




C=> Lout 



1 1 1 



S/ 

1 10 



On 

IT) 



O 



(57) Abstract: An optical frequency com generator comprises an oscillator (1 17) which oscillates a modulation signal with a pre- 
determined frequency, an optical resonator (1 10) which consists of an incidence side reflector (1 12), an emission side reflector ( 1 1 3) 
parallel with each other and resonates light entered via the incidence side reflector (1 12) 5 and an optical phase modulator (1 11). The 
optical phase resonator { 11 1 ) comprises an electrooptical crystal the refractivity of which is varied by impressing an electric Held, 
arranged between the incidence side reflector (1 12) and the emission side reflector (1 13), modulates the phase of light resonated by 
the optical resonator (110) according to the modulation signal supplied from the oscillator (117), and generates a side band centered 
around the frequency of the entered light at the interval of the frequency of the modulation signal. The emission side reflector (1 13 ) 
set a transmittance ibr every frequency according to the light intensity of the generated side band. 
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fiM9 2s 9 3 f ®-gP©^L o u t ^19 3 S^lttB 

119 6 tEPin$ti§giitifm o i tif t js b tti § * » § „ 

^(D%mm.m^ a%:&#§9 ft&yt&mm 9 0 ft£M«i$iig^iisj3b£: 

mfUt-5§£««9 6 ^£>^-MM#§9 1 -slEKjA^J^n^i 13. Steffi 

g£in^9 1 & 1 ®^it?iii-r^«-^tj:b-<, m^&±(Dm^tiim^m*frtt% 

Ct^Wti Ji^^o £;ftl;rJ;D N ^jil^i&ri Afg£#S9 tt, ffi&cDI?-^ bv\"> K 

± x xts $ n 0 m ji mm m mm f m t m m iz & & „ 

,. k: » ^ % commm^^^T % mi^iz&^x, mtlu, m « v 1 © a jw ^ 
yt&m mum 9 l ciDjwf m-eiit^ juia^^pif m©-y-^ k;\-> 

h* £> & § ^« Mifc 3 A ^ « o ^ It, £ cd M 3 A SMMv 2 CD 

cd^cd -tT— IfiltI A v %m feirz>zhlz& D I v i - v 2 | £#^b, iitcft 

m&yt<DMmmv % 0 

T CD 43 U T JPB mm 3A®iS ^ Ht^ili: Hfi X % , MJ^CD M m 

m%m&£ < mfet 6 ^ t> s -o^x^m^^^r^v-^ bVN°> p 

bfrb&*s£,s ^iycD^M»3 A£§£#!9 i± N HI 2 Ki^ir £5 fc:, A v cd 

iS(a;^^^JKM^i!^McDS^0^^^v^T^gi^M^^tM / J>^^o £cd£#k ij- 

^fes A^^#§9 tt s ^^^§^cDa^sw^.§fe^^ffis*r^ 
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^©j«sst£$ij^ Lm&ytmmm^ ^m^m^^mir^ z t^s 65 ^ 

imzii-zzm^mii. xmm&MmtmmmBZMMhvmizmzns 
M^mm^ n-fe^mm^tefo ^x^m^miz^^x^m^tifcL^om^^^m b, 

xmmfcmmj&nftMmfrMMfrbMi&gti, xmmRmm^^vxxm^ntz 
ft%&M£-&z>&M^%i£, xmm^.mmhmmm^.mmt.(Dm^m^fi, %m. 

e> n mmm^r \z m tt k x #$s£ ntzyt % & 
iiu. xmzntzftcDmmmi&dpib t bfe-y-^r hv\*> F^^iafs^©M®isc©^ 

x*f{iiM*r^^^tBm MBtmn-fr zmmz *v xMm&MM*frvxxMztitz 
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^m. fr<hmm$titz mmm-^ izm^x ^m^wl iz & ^ x±^m $ n tz %<d$lm & m 

H5(±s fc * 3 tHM^fc © (Pnt) ■■ ■'AS*3te©3fe^S (Pi.) ho 

Eli 2{± s ^is^©»^&fgM^^§^< ffiifiiys*f^^©^LfeM*r*cD^j 
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B2 0 A 5: Via 2 0 Bit 3^©;1;1/^1^^Md A £g£ 01! & 

12 □^©;t;|/^s^isiSft3A»4«ffl*^twbfcE|-e$-5. 

in 2 2 A2&WE12 2 Bii, ^^w<D^))s?M3fcm®.ML? &m&^<Dm<Dmmm 

02 3!^ **Kffi3fc««[*3A»^*0#filtiaT?*So 

024 fcju 7 ?7 U^n — #abfe^ASAM$tu^«^8SSa^JSI^^n A|g£ 

* © a*t <Ki fg-£r ^ & ^ b ft m x«& % o 

B2 6ASV12 6 B«u AMiifi^IIi:^ t ^ ^MATMlia© 3^ v 7(DM£ 
0 2 8ii, ^«#:^SM0m®^I^2l^jc:^JFJgb'rtt±(j s fe^^^^■QV^T^bfe 
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V* T . Sfl Jt © v -f # n £ <Z> as-fb \z o v> T 5^ b fc HI ~C & 3 0 

HI 3 5 A 75 MEl 3 5 Dttv j&Kfitt £> & 3 «« ^H^- S^iS?g|& 

as to & iffit^ & #> ® © j& as •• 

i i i ts-'ccD.3fettffl^ii»i i-i *^uTsv>c»iat-«*^K»«$nfcx 

ttiU&mttl 1 .2 2fctfffi».fllS»«Sl 1 3^f,^.5MSfl 1 Oi:^ 111 1 
6 ^gJg^l 1 7 ^ii^o 
ifc^fi* 1 1 0 fcfc N A*t«£*r®l 112 £tfrbTA*f£fri/fe^L i n£ v AJ& 
1 2 2ltF£a»fl!K»*l 1 3IH7!*JR$*x-.*p--jSBi©3fcLput * 

mjMHWit 1 l 3 tefrvrmM-rza 
%m%Mm%si i l «.s flAB^/»yf>>i (LiNbo 3 ) m<DJvi>#i£ 

TffeSo do^M^iHtli i i «s If^^lftJi^bT^bts^y^^ 
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AifMHit^ i i 2 « s m*rii!i-K*r^ i 1 3§Mtbt«Si^i 
TiLfe^^sitt-^o i±s*fffiMW^ i i 3(t fttiLm&m^i i i ©^as^iitc 
iB^ns 3«iiii i i %mmisrz%i%Mmirz> a ^commmRmm 
i i 3 14. 3fcttffl^iH§gi i i %mm^fcft%mfecDm^M^mm^-z>o 

^©Aiik»n i 2j&zrmmwBtMM 1 1 3 a, sfetitfaiessis 
1 1 1 0^gp^iB^n§«^-©^^A ) -r\ ^ffl gesn«i 1 loxmrnrnwAv 

mmi 1 2MMiHifii 1 3©^^» s mzmm^mm-r&o 

/fs^fsts 1 1 1 (D±mhmwtemmzn% 0 mm ii6it 3§m#i 117 fr&m 

i ^M^ti, JMifefm $1/1 06Hz) Oi^l-f Sfti&tio 

^t^tt^i 1 0 stt^-r^Ai*fi!iH*r^ 1 1 2cDMmmte^^xmm?% 0 

AMMRMMl 1 2 (DMmmiZ, M 4 A Izm-T J; a fc\ A*f3fe©M$Ei5t v 
''^S^i: & S J; -5 teifyfei* fix V" 1 § a ckdh 4 A M ;£ 3 ft WttJlMm v £^ 
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3*-&©2*;&k1\ (SSI 0 0%tlv^^feot%iv% 

Ttat>%, xmm&mm 1 1 2 s _h3&© * a -r § e- ^ ^ & n\ 
#n -r s % k m mm & m m x ts t % z. t 53 £ d , is iz t> & t> f 

.1 2§^itA»)l6fflajlWteaf«| (BW) lJ?^t»^'SCi:tJ:!)< ±t 
m^r^'*5»S3fc©^^*fl5^t36«$^r*c..fc*s-e§So. cnk: J; t> Frt 
> K©#*fc*x 04 C^-Tcfca ^, xa^©^WtB&0^£^&3lc:o;ft, 

&^x&Mm&mfrx&ni£mm~mB&x$>%o 



WO 03/010596 



PCT/JP02/07637 



9 

mzya^m^ i i o -&m&t z mmmBimm i i 3 (DWMmz^^xt&wT % * 
mmmmmm i i 3©kii*y:. ^^bfei?--r Kc^ii^jfitt, # 

A^^©^^jg^*j-f-^mif^®^65ijK©jt (p.«t/Pu) ^feMfftf*. ^§ 

in 5 ^^-r j; o t=v mi^r^^^^^sPHtf*, a f =-o fc^otx ist^txif 

Pnt = TinT.uexp {- I Af I Los/ (/? fm)}Pi, •••(!) 

d©5$ (1) Cfe^ts TiMAMlMBiMM 1 1 2 cd^5M^ s T„iti ffi*M$IM*ftS 1 

1 3©7t3MK*C&!K 1 1 0rt&.&«'-T*H»C:feJ*3fc||ig» N Lo 

fl!lHS*$8 1 1 3 &fthfr^%$^<DMM(DfoX&%m'&, Losfis Ti.^T.niOlDfcJBcSo 
5$ (2.1) SVS (2.2) fcfc N ^ (1) fr£#ti£bfc> _t$&© A f IzMTZ, 
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dPu,n,/dA f =-Los/ (jSfm) Pi..«. Af >0©1^ • • • (2.1) 

dPi„n./dA.f =Los/ (/5 f m) Pun*. A f < 0 • • • (2.2) 

-fe *» s 3 ® 5$ ( 2 . i ) so* 5$ (2.2) it, a -f-js-w-f-s-a^-^s*^ si-r 

CcDiS (2.1) &s Af>0©«^ T ^ t)^XW^(D ill J; t> % 11^0*$ 
i3j3^§^^^CD^<b*^abs £^5$ (2.2) fc£, Af <0®I^ -T^fc)^ 
AtJ;ftcDMI$?i&<fc D ^^^TO^^^-STte^jgO^-fb^^^t-o lCAf = O0 
3i-£r (A*^<z>M*McDi§iij-) K> i^-Y F F (Dft&m*, AAKUHMt 1 1 
2 S^aiUfe^O^^ST^-T^ htf-Z $I;L«5S; (2.3) K:&^-(:^£tL3 

x o \z s KM%<Dmm.&vuhxmm&Mmi 1 2©^7ii*T i ,©»-tr^-rci:^i:-§ 

Pi«.i4. = Ti,xPi, • • • . (2.3) 

CCD (2.1) ~ (2.3) Id J; D ifl? b fePu.id,* 6 s ^ ( 2 .4) jdS^g, fcB 
^3feCD^B^ftP.»V^#m-r § £ §- ^o 

Pont = Tout X Piniidi . . ... (2.4) 

^fes T.„ti:Ti„^^^i: bt, 5$ (2.1) ~ (2.4) SlltS'i: fc£ J: 
( l ) £3»< c & RjH&-e&3o 

5 ttJMtfJlMW^ 1 1 3 <DMmm»i(Dgkm3:, dP. u t/d A f = 0 £ bt, 5ft 
(2 . 1 ) ~ (2.4) ^f^Abtlt^-r^ £ tlz X Ds JeAT^^I-^ (3.1) N 
(3.2) t$tiIJ:^t-§^o 
dT.n/dA f =Los/ (/? f m) T.»i • • • (3.1) 

dWdA f =-Los/ (£ fm) T. ul • • • (3.2) 

itiMMBtmrni 1 3 (DmmmT.vife. c©^ (3.i) . 0.2) .\z.m-3^x&& 
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5) (Dm^m^iz^ t> s (3 .i) N (3.2) &§\-m--?%miz$rm<Dm 

® 6 ^ (3 • 1 ) -v- (3 . 2 ) KE-a^-gt ffl-»fllS#M« 1 1 3 <Br«-aaffTiii«f- 
Los = Ti,+T.ut^^§ ^{g^bs £fcT in =0. 0 0 5 ^LTV^ o £ CD® 6 {Z&^T. 

%^mfr^*mte^to^fr %(D-T:%>z> 0 mm~B ' m*fisjiH*r^ i 1 5 ^ s 0 

iftttx as#jg»i*iaiSK:»ifebfc - 
;\'> F©:q*:fi*b£H3i§l§r©^&£ir\ — as©WHK::i3UT1M KA> Ko^g 
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■.wbr^*"..*»iBttx ta*rffiOK*r^ i 1 3tiTs scorns iz^k-pmmmn®- 

A©¥K4b£EI££^#Wf&t&3o El 1 Oft, i©?g4^tfe^tit3A^ 

■ .^IBW^jaffl bfc^;v^M;&M«n A 1 Oft, £ £ £ AlfiBLK 
MM! 1 2 ©$M*«rtt.&±a£©«fc3 fcR&'-T* £ kfc«t Alf^0)i«v 

/jfcA5JI#©3feS*ftJEfcfi«£**;i h^t^^o fllfclisfc (2,1) testis 

A»*©5te.aftkPi.i:x»iiHJ»«i i 2 0i3i^Ti,c^bts -ia4.k:s%*tL«a« 

ttTZ>mmyt<D%i&&&ffi2 0 dBiBi_h$**c:2: 

lis _hxfi©A^iBJJH*rM 1 L2 i:{ilMgfil 1 3 £ £2K#tfl>L § £ hie £ *K 

-r^^t»> Lfe^vv^i^jitt^ A*4f i oft, ^-rs-tf- 
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M?Ll£, mM^M (WDM : Wavelength Division Multiplexing, DWDM : De 
nse Wavelength Division Multiplexing) mm^^iz^^ ^^Mm^mlz.mmt■ 
mi 1 1 vx^\,uzm\%t & & o izmwz tifexmmRmm 1 1 2Rv^mm 
mzimM 1 2 3 not sane mmm 1 1 7 t%m 

.3te#3ES&l 1 Ofcfc. XMMBLMM1 1 2 £^ AM VfzM L 

in£, AWiPJJM*!^ 1 1 2J&TFmMM£iMM 1 2 3F|-e«t^t, 
^ L o u t £ i±l*fiS!lM*fM 1 2 3 £ ^ b T % o 

ttiMMBiMm, 1 2 3 (is «:ft©S££ffiM£«fc#K 13 1 2 Kl^-r £ 5 £ 
-^0«H^M^bTV>£o tBMtlHMi 1 2 3 It, Mbfc^MMnA 

1 2 H^t^d tlx 100%i D^^Ffg<. f!lx«^J9 7 
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AM 1 2li, Mffl*»lM Jls C©3fetirtlftW 

mzLMm i 2 3* & i i o 7 -r;v# 1 1 a mm net, 

mWM 11 7i:^iISo 
3fe#«^l lOtt, Xit«ES**l 1 2 ^Utl**SMtA«bfc3teL 

o u t ^mmmRmm 1 2 3 ^^•uTtB^-r^o xmw&m&i 1 2j&o«iij 

»flfiir«12 3li, ^ttigfil 1 0 t^»bfc3l6SftfiSt5fc«iRtt-6ft& 

tlx 1 0 0 %#aa n 5 3.0 »«*©#'#iB»fc:i3t? stasia,. 
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( 1 ) 7 -f 114 *?>ffiirt53fe©3felt^^¥a}3^s «fc a 

tiattSo -r^fct»^^;v^ 1 1 4 commute, ^.M^nt^xinwcmm^izm 
i\i~tz> \MiM%<o% as jjv^tt^-mkz^ztz ib-i mmzm \:<xmmmm<j \z £ 

m 1 5fcJu MMifc^A f tj£bT7^jv^ 1 1 4©733fiJ*£&JBa!c@8gciflfc: 

-TfttD-hs z(dj*)v pmytmmm^ &m£%$r 1 2&, 7-f;i/# 1 1 4commm 

zytm^m.^ k&m$L$^% z\h&x%% a 
mi 6& N mmm^mm 1 1 3©^t. ±iEb.feaa**ia^b&^^^-s!* 

§gi 1 1 ttjYhx^^tettmT&.ko izmwz ntcxmrnziMM 1 2 ^st^maf 
1 1 3 &z>i3i%y6#Mm not, mm 1 1 6 t, mu%s 1 1 1 k%m 

1 Ott. AMiBIMWMl 2 2^btI*ftli$fAltbfe3H 
in£ s A*Tfi!lM*r^ 1 2 2 S VffitsMMSajfll 1 1 3 IH7?^|g$*. x ^© — gp© 

3feL o u t ^i±j*tiiis*t^ 1 1 3 ^^bt mm-r So 
xmrn^mmi 2 2 &&&&&& 1 1 1 ©3teA*NMfcia£fru m^u&v> 

3fc«*e.««»vi©3teL i nM$tl§o £fes £ © A*t«.E#« 1 2 2 fcfc. 

tB*f{B!iM*fM i 1 3&Kmvxft&m&m&i 1 1 ^®^bfc^^s*ri-§ 0 £ 

©A*fil!lM*fM 1 2 2 ©383ia|sfi x ffSCSS^f^ ±x£©£n< Alt^©M« 

tB*r<iH*j-^ i i 3©sii^tt. ±M©$n<s ^bfe-^-f hv^>K© 
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-5 t3im&frbl3L&J*n'#Mftm&L&=i A^g££g 1 3 lis ms*^5©3tesajK 

frpmytmmm^ 1 6 rum or-* jt^. 

m^#^H 1 5 1 frbtzZJzX't S U ^y.^3fc*W#l 5 0 t^/'J'> 

*3fe&M$ i 5 o ©ffi»««jcffi*«*n&Tir»3» -7- 1 6 o k*mx.&° 

Jtffi-te 5 y II ^ y p $fe&ISS§ 1 5 0 it, m 7L 'Jf^A ( L i N b 
Oa) ^-if*JET!3teSffifflSEi|-C&*fi5t3te.^3(gil.l 5 lfr&ftlK ^©Alsil 
CHR3-r>f y^tiDIMIfli 5 1 A-ifiJ&'mg fix ^ £ .fc 13. £fcj*r$iii 

tSi3 ar n— 5^ ^ v^iz; j: t) iMiti i 5 i b vmj&z nx Vn £ o Ws£immA(D 

JiIBrIIJjS; 7-16 0 teu 6 1 Aj&*^J*$tl , r^3.D v CCD^I 

s*rmi 6 i Ah_tsB-fe ^ y ^«^^wi-5 ocAWics^tii 

5 1 AttftM^I^lt^^o Its u©Wi^7-l 6 0(t PZTf 

£©£5 K:A»*»«cws*rit i 5 i A^-r^mM^^ii 1 5 1 *e»«t* 

t H/'J 1 5 0 a, ±iB-te^^y y *^&WS& 1 5 0©tfi 

*l^iU^lB«^ti. P Z TfOlIli^jli? 1 6 2 Je:£ Dii^tiSISi 

ji i 6 i AcD^^^nfenrK)^ ^— 16 0 txnmztifz* U/y;> y 

■0*JSttR3A»4#l 0 O.tlis ftSI (FSR) fflfflM^JiHaftlMM 

16 2 t3iu^^n^±iBpj«j^ 1 6 o^t^i^tttiiit 

3 £ Ji.fc J: DfTVv ±f3«^«M^mm^ 16 2 £lE»LT±l3WKf^ ^ — 1 6 
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0*Sf»$*«iii:k: t kt)#s#* (FSB) OWmm^f o d i: § § 0 
5 1 A§tt§i^f^| i 5 lipf,&§t^y y $✓ y#96&m%& 1 5 0 i:, 

1 e 2te&b&mt<tiz-mRmmi e lAo^nm^-i 6 o ttt 
A*f^ffl!i^Hs*fK i 5 i a&mi&l, mmmmiz*sm$^- 1 6 o *«^-r-s 

ytL i oTKi^ 7- 1 6 0 Kfet±«BfJgt*ffll 1 6 1 A^OTAU^ft, * 

SIC, 77^U^3^-^MKi7 1OTI)fe^Xi7 2^^A 
_bfia-fe^y 'J^y^5fe*m»i 5 ojc^v^t. -fe^y Visy9ft&m»l 5 

8 0 *.^UTiH^$n&3fc««jR3AL ou ttts 1 8 5 «fc D^©~ 

^n^J*^st|2 0 2iz& D Jgfl * tit v -f * n M^ffi^i^g 2 o'3ft*bT* 



D3Q10596A1J_> 



WO 03/010596 



PCT/JP02/07637 



18 

±IBT-T 9 n^^[pjS^±-^#|2 0 3*?)7yf*-^ 2 0 5 ^"O* nj^^ffitg 2 0 

-©^M^mn AM#i»pgi$2 o cm, jtsa^ ^ umm^zmmm^f m 

1 ^ br -tte-fe ^ ^/ u >> * pytMBm i 5 0 0 m m vttv v m« ^ m -r § „ ± 
ga-fe^y v ?%$immi 5 oa. _ti3A*rfi!i^^m 1 7 o^itai^ 

S3Jx»ffli 1 6 1 AcDBf&Zntzuym^ ^— 1 6 0 ^^LtWi3ALo ut 

■m$tntytm$Lm.=i al out M^ti§t7 7^ ^A#w?g:7;a- h i^w? 

2 0 8 ^li, C©y ^- h l^> — 7t2 0 8 ©aj^JhlB— S¥$1jM#S2 0 7 (3 
#/i&£ti-<:v^o f ttlft?7-16 0ft v ±IB-fi^P»M§|2 0 7 CD^A 
&m&m2 0 9 ^LT^SBItmiMlgmift^ 1 6 2 tM§n5.C £f3<fc D'Jst 

b t^m-t § i h * njm t ■& % 0 
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RR5£:* ft fitTtlttWtSa^tto/v^i^fliSRa 

*ffi**w^**«ta3fc*e*K*ft^ftHK»Mt*b^ufeA#«i2 i o 

£ftTl^ D 

§o ±B^OD«[ftfijB2 2 0 0^2 2 3(4. B2 0Bt^tJ:5C, 
'±»>t**ffl*#iM*2 1 0#lgg£nfe*^M5 2 2 3B^ ±«;t**S!- 

• Aj»#fss*«2 2 3 'AAxrmmm&m».2 2 3 c©#mi*ab\ ^momb^ 

^=1// {1/A» 2 -1/ (4B 2 ) } 

fct^^n^JtSMitOtSA.© 1/4, f^fc*>, 
A = A/4 

tBii^tiTv^o cft^j;ti, «sa«i®k:*w-s«fi«2-2 3 ic^-ra-f >tr- 

1 0ott«|zA««fifl«2 2 3 ARVm*tm&mtB2 2 3 C*il^ 
lftWMg0 1/4ttK^oT, #*&mB2 2 3 BO^ 
i:|5lb«^-K^^M^Vl/^5iy3 l 6±fc^2 1 OW^ftYOD^lft 
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myt&n^ 210 (Dmm^xmm^m^ 223 as v^mmm^m^ 223c 

ifB^M ^ A V o 2 2 Ofci . _tI3/\* ;i/ g!3te#Jg*2 1 G % 

SB 2 2 l §f tii 1 y^ 2 2 2 iu v-f * n&tjygf § 

2 2 3 & JiH3fg 1 ©^M^n y 2? 2 2 2 J: tff^tl>^2 ©zfeJS^n y 
#2 2 4 hs ±mm 2 cD^M^n .«/ 2 2 4 £±IStg 1 ©^JR^n y# 2 2 2 © 
Mm 2 2 1 }c:3lt) ftO:SBtft»«2 2 5 il. _bH3!S i (Z)#I7o^ 2 2 2 ©iffll 
14Sa^S*^- 2 4 0 3b>6fc t)> Ji83«+«*S«iaS2 2 3 B#_tf3fg 1 ©^JK 
2 2 2 ©ift£B2 2 1 l^otW^^ J18B Aftfii^MSP 2 2 3 A&ZF 
taS*<ffl^?HgB2 2 3 Ctf±i3ll0^S/ny^ 2 2 2 ©1PJJM ?& o T^fife^ frU 
_hl3i»g|5 2 2 1 ^fBfi^^^±HB^^l/^§y3 I 6^M#5 2 1 0 ^_hIH^ 1 ©^M^n 
5> 2 2 ©fg|5 2 2 1 ©1® 2 2 1 A i:f 2 O^I 7D y ^ 2 2 4 h^mWT 
•S^dfc&^TV^o fr33x _tfBSg2 oii^a f^ 2 2 4 JiV v-f *«cir©$S 
JS*|-^.3& s e>*S«fiS«2 3 0 e^bTJlf3mftl«2 2 5 tHf 

£fc N j:fBffl»y>f'>:paE_#t«i»2 2 o {i s umvrc^^^m^mm2 1 

0 0^*J|lilBiJifc»|6t.4.tll:\ APS 2 2 3 W I $8 2 2 3 W 

±SBSm^-f ^n^±t®^2 2 0 fcju 0^b&^ W ^D$Hi^v 
'-if #P$ftM##Jft11£ft3:3.*#*K> 2 2 9 ^ _tl3!i 1 ©^JR7*a y# 2 2 
2 &:RMLT_tBBfg 2 0iI7D^ 2 2.4 ft 5 «fc 5 fc&tt £> ftT V'* £ «, 

S$PS v >f # P 3&±t}g^ 2 2 01^ u©3^^^^> 2 2 9 £ ft § V # d 

Stf lz * c t J: ^ _h§3 ^ -f # n (c IS D £ ®# £ _tiB't;i/ # 

XV^©-C% ±m&m^J ^P$«IS2 20#n*^*fc?>22 9 ft 
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£©fc#K ^VV^M^^^icn A3§££| 1 7 fcfc, ^fclf-AL i n©ttffi&*W.b 

Ts Mmw&.mm&frvxmmy(if&2 2 3wo^f,«i3ALo u t &&m 
eg 6 i3^^n^a*r0M*fM 1 1 3 ©^3®^t 1^7:^1^1-3 

CClT-v J:iB^;u^^3fcJB®[jjfc3Aie^Sl 7 © «fc o S3 v ._t-SB.»gP .2 2 1 fcjE 
«*h.*Jifa^;^3a3te#K»2 1 0 £_hfEJ§ 1 ©!&JS:^n y # 2 2 2 ©»eP2 
2 10112 2 l At*20^S/n^ 2 2 4 hX&mT %Mm%MFBT «* 

ei 2 1 t^ti^t; ±mm 2 ©^js^p ^224 &d3sb 226 **iait ^ 

2 2 7 h±S3G3g|32 2 6 ©fl2fi&£ iifeM *lfc&««:fo 
2 2 8 bs ±8B^R«;fe 2 2 8 §^ bT_h§BD£loP 2 2 6 £: *f ft "T i> «£ a 

f=±ffi^ 1 ©^M^n y * 2 2.2 com%$2 2 1 ^ _h 13; t ;V $ W.%#:W& 2 1 0 £ 
IBBLTs _tiB&tR«;fei2 2 8 1 ©&JR:7"n ^ 2 2 2 ©^g|5 2 2 1© 

ii2 2 i Atx±m^)v^m^nmm2 1 o sgis^ts^ast^.tatt 

3o £frU3 cfc tK 1 7fc}\ J:IB:fe«Kjfo2 2 8 £»i 

tt*ffi?t«£tCJ:o^ ±sBJg 1 ©^JK^D ^ 2 2 2©«P 2 2 1 ffiJS® 
2 2iAti2©#I7D^ 2 2 4 ©HSPID fclRiHIgf 3 d t &X g S „ 

02 0^b&;t;^S3fc||f 7tf^ ±ffi» 2 ©^S 

7Dy^ 2 2 4^^A& ^©iM^mfr e> & « mmm 230 s.^it±bm 
«2 2 5 izmmmMztix^ztt, m 2 1 t^ti^i, ±ib^m^d y ^ 2 

2 7 2: ^« Ufa 2 2 8 tcomizmmW.2 3 0 £BBU ±ffi^2 ©^JR^n y# 2 
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2 4 %±mmftttM2 2 5 KiegE^^H^t- ««3g^-rsc:i:4>Tf S5o 

±&m 2 (D&M?v V ? 2 2 4 £tgtf-fcM52 2 6 C, ^577^ h & 
iT<D*&6s»*m'2 5 0 &JRIft fcfcJt ±8B/W^M7 I 6ftiS^2 1 0 £Jg 

Mb TV ^ £ * iC^t^iil: _k BS^t i§ 2 5 0 * rfr It ft 2 © ^ 

MSB 2. 2 3ASVtil^«S5B^2 2 3 C © pM £ ?fiS £ ii: T , SB^l/- IT^CD^M 
C-aj/t^S^fflSEScn.A^ifeSS 1 7 a. ^ 1 7 tCj^-ri-S.Rl^ ASt*H 

12 ;2Aatf8'2 2BS, l^-7ttI^bfeSi3 2 3 &flfS£ S^tvWl/ 

■ ^©^i^M^Sftgt^ A$B£«g 1 8 f£ s la 2.2 Ai<zm~$r <ko 3teg£§&&fr 
•5 tf-A^§ji31^*-&«^^^a^e>^§>''?;v^M3fc#^#l3 1 0 ^ N _tSS 
v^V^M^ftJStlS 1 0 ^lt5^Tvf ?DS«Sf|3 2 0 

±H3^;i/^Sy3 l 6^^lff3 1 Ofis ^!iii-*7i'Jf^A«;JftraM 

M3 1 o B^mttxtzz^s v-tsy.#mf&<Dm#m&'i:it>&i, xmm3 1 o a 
wt&a nx^ %> o ^tzmmm3 1 o B&mmm^ me^m-r^siz, ^m^fe 
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3 1 0^|g»£;ftfc^Mg|3 3 2 3 At. £©^§P3 2 3A0i^^M$f§ 

CC.Tfs ±S^?-f^nS[#i6|g3 2 0« N -taa^/i/^M^#Jg«3 1 o& 
itttf)*#taJ 3 2 1 £^311 1 cd^JR^d ^ 3 2 2 ^ ^ ^-D»K:^JBf * 
S;v-^"«:©SSS3 2 3 %±mm Kd&MW ^ 3 2 2 i:t<feicMt§I2 
©#«^n y^32 4 # 3 4 0 k x _hfBfg 2 O^JR^D ^324 

£_tlBSg 1 >^ 3 2 2 ©$8§B3 2 1 fclfc D ft 3 26h* 

±ffi^**yT- 3 4 0 «fc D «fcftfc_hffl* 1 ©&JR:/n >^ 3 2 2 0 
M3 2 1 rti3ffl;i/-r>K©^^ 3 2 3#M*ixt^5. ^cS«7^n$ 
*M^S3 2 0{4. ±ffi^;i/^S3fc*JR*3 1 0 SJrffijR 1 co^JR^n * ^322 
©#SB 3 2 1 IBB U _hfB*M 3 2 1 ©Jg&M 3 2 U t |2 ©^Jl 7 *D y ^ 3 
2 4fcT;«^5 i g;5t.4-3tV>4', ±IB*2©^JR^ny^3 2 414. 

T<**^Ott*#»*;6.**i|ft#|E3-3 0 £^LT±l3m-ft tf«3 2 

;C©^iY^^nt^3 2; 0 14, _£ffi&*I« 3-2 3ACJS»ft« 

£#3©i|igBf4 N ^-C©«SMAo = C/fm (CI43fej8) fcbt, 
B = A c/ 2 

±Mv^Dt^3 2 0 14. ±IBfl!Sl ©^JRros».^ 3 2 2 © 
mUZ 2 1 tJRiWU&^;v^S^JB»3 1 OOAW^WC^t^I 
fcs A*f^3 2 3WI tmm^mS 2 3WO«^|iTt^ 0 

**5s ±mmm^j >? DM#ig#&3 2 0 a. HzPi>JEfcv^?-f ^Diti^f, v 

-f ^Daifisf&t$n53^^t> 3 2 9#_tfBJg2 ©^JiT'D y ^ 324 
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TV^cd^s JiKSSWr-f ^ n^±t|g#|3 2 0 * ^ * t: > fcrflt^ ti-S 
!SfS3 1 0 .fcfc N At^tIS^btA«^tLfei**i: bT©^61f — AL i n 

^^KW310 ^X*I ^nfep*^t bTCD^lf-AL inl^bt, 

PbTx ffl#^SMJ31£:fr bT^^lfc^ AL out ^{±J*f-r^i^*s^^^o 
CCDJ: a ^«5t©SM^-r * n^±tMlt3 2 0T»i±, ^vlf3 2 3 zwuv—yM 

^M$t3A^4^1 8 li, XM^3 1 0 A. mmim 3 1 0 B(DMM^%±j&(D 
0 D oo. ^il^^tl^jfp^.?, C itA s T^ v ^JUMn A£?WJ; < %^^^r^» 

M«S3AM4 cm, *$ra§y?6M§&4 o o friomt&zn&o mmmyt 

^g$^4 0 0i±, m&4 0 1 £u «%K4 0 2 J:, 114 0 3 t, X*fi!lK*fJ3^ 
4 0 4 ^ i±l*f{iM*Ij3S4 0 5 %igg§4 0 6 

114 0 1 & s Mx^§f#Jt^^i3 J; DW^^tife3~4-i > >^©L i Nb 
Os^GaA sf0«II') ^#tfcrl2J D*b7ct©-C^)^o £ © 150 !3 £ti b 7£ 
M4 0 1 _tfca».«8&4 0 2M^^f^ d r^^JV^S^-1i:fc tb Ztzbum^&fr 
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A»«fi»i4 0 4Sl|tffi»«^K4 0 6 »*»4 0 2 fcAW 
*5ui:a!)^t§ o M4 0 6lt «&4 0 3l:gi^^ Mttftf. 

*&l»r*«fMfc|q|»IU&fli««^^ »ffi4 0 3 *>£#M)M^l£RSgS4 0 0 

^m^^hstkti ^ «$K4 o 2^ i @«w-a[a-r*»^fc:jfc^ N & 
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>vt > f ^ f sri: 4s^e..|t.a. 0 ^ A*riiM*rj^ 4 o 4 ©aisssm. 
{3 j^at « c: 4: is & < . mwim 4 0 2 ^ (3 33 v> x&mstm %m\>M^ztizt£ 

; ..tH»«Saj«S.l. l 3 ©^3W £ll*i^ &£ 0 T fctofe* ffi*fMMJW^ 1 1 3 ©3^ 

'*4.oi±^ *^«K:^^riSr— *-p3fcgftfi(oiftv>-i?--f hv^KS^KfiS^ti, 
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■e^ * fem©^^^^^vw x t commit % wm t^^ 0 
^^ffl -r £ c h & w & % o 

IS 2 4&, ^T7*U^D-itJgbfc:^^A*r^fl^^^lSiy^Ml^i!t32A^^ 
§15 0 <DXmm%5SM4 ©ili^^LtlA^o ^©AfJiPJli^-a-^ 4 it, J77 
-Otnr 6 0 2 ^e»3'6^tB*ri-§3fc7 7.4 M B 0 ISM^MM^Ai* 

5 0 1 ft? 7 J 6 0 (DiQmizMZn fe7 ^RMWk 6 0 1 £(DF3X?7 
y^J^ti-^Uir^o ^ ^(DXMlWBiMMS 0 1 £ 7 t ^\K*rj3I 6 0 

mms.mm5 o 1 ^^ib, ^^jg& 4 0 2Ais^t.Ai^g§„ 

El 2 5 A%.wm2 5Bli, Altf#(!lS*tM5 0 1 h 7 7 4 rt&mm 6 0 1FI©^ 
&M0kft%Mfc'tk, &Mmfti&<&<C), Mm^ftm<f£%o ~t%:fo%$iMmx 

mm v i<Dxmft(DfrXMW%.mm5 o 1 ^^i^j; <3sa®£-a-&£ h#wi&i:&3o 

E&^fc* N * ^ttfc=S?*&**&*r-*»^*.$a&T^ M© 1 0#gJKK:ffi!I : 
0 2 6 6 Bit, AWii5 0 1 h7 7^tSil 6 0 1 fcOHa 
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o mmizm Da^s^tf-c^*.. 

oH§» 6 5 0 i; y - AH'i^7 7^ /t6 0 O t, --ffllJfl-fc^T-f 6 7 0 ^ 

Is] -©ft $& BJ3 & # H& f £> o 

aiSftB&S^&BBS&e. 5 Olt «IM4 0 I t, M%1$§ 4 0 2 ts ^7 y F16 1 
3t, 11 6 1 4 £ %MZ%o 

116 14t^ y KM 6 1 3±lzm.Vt>ti, mXUA HCu, Pt, A 

4 0 2 £ IE ft A 27^-5 » 
Xmm%yr^ rt 6 6 0fcj\ ^.^.y h* 7 2 lfflfiit^^$tlfc377 2 2 S 
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feitMH7 2 3 *^>T*8R4 0 2^SiU|}t5„ l§fIffc#JIJJI 7 2 

m^fid3te7r>f 6 7 0lt ^ItM$tifeil#;^II7 3 3 ^bt, 
#MB£4 0 2 *-5>3teA«A»Sns, tti«7 7^t6 7 0 #«HI4 0 2 * 
feASf^tifc^. ^7yM3 1 W«l:^*nfc3-7 7 3 2 %MKX&MT 
So &£>s il^Sl7 3 3gi(i, it##H7 2 3 2; BJSft 

JIB 

il©X»«^7y.>f ^te 6 0s ffl»«^73"f^6 7 014, 0 2 8fcl^*n* 

, ^JBffl£7 2.3 N 7 2 4 §tILttJ:^a infci-D, A*ffi!l^7 t -f 6 6 0 
S VW»«*7 7-f;;t.6 7 0 ©Sg® A, B tcjW f § g£ £ ^ T *$»fc: & § 0 £ 

* » W f*> £ ©dl« *M RLE fc: & .« £ i: mux $> "i 0 

^©AWtBjl^^ ^^^sf 6 6 0^tFtb5*r#Jl^7T^^^6 7 0 
#^JSM7 2 3, 7 3 3«#, «IA V Bt^Lt^tgg§feSJ;5i^ 
■ ; £*iS„. irtat>t>, #)t7 7^;\*6 6 0s 6 7 0 I«4 0 2 i:©^^ 

m.mfr&mmr 23,73 3 ft*]**-***©****, msa^i^ 

jSTSo C0il^H7 2 3, 7 3 3ft Mlft^oSgtiEtT, g|f 

isfexmwRMWi 1 1 2 (Dmmmtmnx&Zo t^t>t>, mm^mmi 2 3 
(Dmmm±, xmyeommmv iiz&^xm^tftz ^ac^^tit^s, ssm 
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in 2 9(± N mm^mm7 2 3 tmm,^ nr^xmrn^y t 4 ^ e q 0©^© 

M^^bt^?)o d ©0 2 9 iz^lrmte, ^ 7 y 1* 7 2 1 ©IttS^^J 1 2 5// 
mtfe tU 37 7 2 2 ©ifigds^ 3 ~ 5 //mf life, 37 7 2 2 £4»;[>fc: 

fcH^fMH, ftgpjS^J;: £3M^kfc. HI 3 0 temT& o tlt##ll 7 2 3 © 
^^#£4b^tv^o b*» b&**£s Jf y K 7 2 1 \) uTm~&*^ — 

t5ii^M7 2 3 c:©^g|3^^3^5V^T^t^-/zm©pJ*stl70^bT4>. 
37 7 2 2JffS&?S^#£S{:7-&^o 



£©£ 5 KYUSHU fix 3 7 7 2 2jilS^^V>Ts 
VN®|S^^J1K7 2 3. 7 3 3 %m&m4 0 2 jtjjjgfr <? m £ ^ X 3 C 1 1= «fc 5 v 

2 F^SP*^lK. , r.*^*> IiK4.0 2PrflBk:*n j e , .nBB^.tLfeXSJiil3fc7T>f ^ 
6 6O0i«Mll7 2 3 hs tiHMtt 7 :r-f ^6 7 0 ©*i^fi6$nfegt 

li3A^^6 0|^ m«^<fcS«^^^if§(T^VN^«#:^JiM7 2 3,7 

3 3 iz & b ft&feummz ^ % ^ hi$x % %tz&, jl§li$t§c^< 

•iift#I17 2 3, 7 3 3 ©?i33*£J:*ii©#n <t^t§u .kC <fc ^fig-T 
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me&4 o 2 7 7f8i3 k, xmmm.mmA o a mmmRmm4 o 

5 ^ Sffi8 1 6 1 7 mmU8 1 8 k£tfg;L-g>o 

amM&M^mascn assess 4 o tm-cDMffimm, ew±. m-o^^uv 

&3SH8 1 6 Jc^bTs #§Jgg&8 1 8 *6»!B$-n& v-f iiffi 

8 1 7^LT»itSCi:tii)s 118 1 6 ©T 

£ 2i#T?& 3 fei&s lS8 16tt, iM4 0 2 tWt§ c t3(^ * 
fc.a»tt».4 0 2 ©S$ t^Bc'-r* £3 fc3i:K£-g:S>*i&o £fc®ffi8 1 6fc* s El 
3 :1 ^^"Tctd fci|@©j£V^^ (ttTs £©SS*Ji&l£*@®:«8 1 6 afcWf*) 

tlx. M%.ltm%3 10 0 /timct'f X^ftSo '^fe^ffi^J® 8 16 bfi, 

z(D&o i^mmit, &mmm8 1 6 a hmmmms 1 6 b^sitsiT^.: 
iz&mmiz^ m 3 lfc^t^Octacs j£$i^^8 i 6 aoatnii^^ii^i^s 

1 6 bcDttffiifg© 1 O^JitWi, 3BJnS& 1/10 fc^^tSCfctfTflS. 

JijffibjfcJBfflffrWS- 1 6 a2fcO<$MaflW8 1 6 b*?.S:41I8 1 6 1*1 
*fe»t5V^ ^ n^©»2c£-p^TiM-r3o E13 2&, 1M8 1 6 rt&feiK 

£©m 3 2 c^t. «&.mgp8 i 7 iz&zmncDmmz, mmoms.^, m 
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6<D'ffiW3.fflMtgtlX^Z> i b<D£\s^ S£L©mffi8 1 6t^LT> Sffi 8 1 6 

m*fcM-r & ~?<i z d^©^#a^ 2 l = n AcDn^^^ife-r^-a-^^^^ftSi; 

& 3 & © ^ "T £ <, H K: #]£vvj©-£- W-Jf-*fr a & iz^ mm 8 

mv^bcDkT&o Sfei«i8 i e^fto^tt^r v^n^js 

5ts -T^fp^v-f ^■o3fi##MbT^£H£Si£:'&-3J;5 3«i|3]PRfA*gfi3&<* 

16 L b^:®i^£*J^1- N£ 2 £ bfco H £ V o £ 

bfci:^. 11 3 2 A^^-rmffiVCD^^T^. V = Vo C o s (2ttx/L) Sin 
(ajt) x°m$fL% (*>teftlz, B^P^^-fb^^-T S i n (ct» t ) M^tiltt 

tfci«8 1 6C^|j§iiI©^^[i, 03 2 Cfc^t^ofc, I = IoCo 
s (2ttx/L). Siii .(wt + ^).-C^$.n5. uCfloli, fttt 8 1 6 lZ$5 

-r«ffi^^. «^^i: i fe^t^>K^&B^r^^3t^^bTv^^fe^e). fHfu-te^fri,^ 

*ifiH£R*Ebfc«£EV^ Sift I bT^StfcJISir&So 

ffSe*;3c'*3£fc#qrtBi:fc:.5- ^T^SBiHfcJu x = L/4 , 3 L/4#?£ 
t.**tiffi8 1 6.±Offita»5feIi.sH: N M© 2 f| t ttM U Ls=LsoC 



WO 03/010596 



PCT/JP02/07637 



33 

os (2 ttx/L) 2 TfS£tl3o CCl!LsD = Rr/2t|f), Rtfi8 1 
6 ^ D fflSMffitftiiLfeiits ^4gfl^8 1 6bffll 0^©W«^ 

£&£i£i|iMfIii8 1 6 a©v^ ^n^S^c^ 0 3 2 D © £ a M£ ti3 o 

-4frtt-8- 1 --6 a -E h -fc^fe -^•«»»tfi-*ffi»^"*fc-tg*^--*f8K-fev 0 3 2 

»^ (Loss/LossO) <ffi«£i*3£ i:AST?S &o 

i^tS fe^ 12 3 2 Btc:S%-r J;5.fcj£fi*«8 1 6 a £:fc^T«#f #/J*<* < & § o 
•T^fct.. x'-i'^Dt©l^§fiif§§-7jt\ v-f ^n^tzij; DM8 1 6 

^©03 3JC^^Ts MB/Ltt. Ja1'ISM8 1 6acD«^B©, ® 
irE8 1 6 LlZ-fcf-r&i!iilr£^LT^3 0 iS*@^«48 1 6 a©i!li^£ii 

5^ m@8 1 6^f*©#{4^ > b°-^>^^$ijfii'r§®^r^{ssb^ 

©£#> v-r ^n^®Jl^^^-r«S8 16 ®}&ffilz&z> &©i:{£^bT. 

0 3 4 kT&V^s B/L©^i^|t,o. 6 5©^tSWmi. 8^&3 
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